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NATIONAYT, ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

COMPONENT AND OVER-ALIL PERFORMANCE EVALUATION OF AN AXTAT-FLOW
TURBOJET ENGINE OVER A RARGE OF ENGINE-INLET
REYROIDS NUMBERS

By Curtis L. Walker, S. C. Huntley
ani W. M. Bralthwalte

SUMMARY

An iInvestlgablon was conducted In an altitude test chamher at the
NACA ILewls laboratory to evaluate the performance of an axlal-flow
turbojet engine over a range of engine-inlet Reynolds numbers. The
range of Reynolds numbers Ilnvestigated provided date which were sppli-
cable over a range of altitudes from 10,000 to 50,000 feet at a flight
Mach number of 0.7; 100 percent ram-pressure recovery was assumed.

Reduclng the engine lnlet Reynolds number resulted in & reduction
of corrected alr flow amd compressor effliclency but dld not affect the
conpresgor pressure rablo at & glven corrected englne speed. The
decresased compressor efflelency requlred an increase in turblns power
that resulted in an Increase in exhaust-~gas total temperature,

Cambustion efflciency 1s vpresented as a function of = combustion
peremeter. At low velues of this parameter, which corresponded to low
Reynolds number operation for this lnvestigation, combustion efficienty
decreased very raplidly. As a result of the combined effects of decreased
compressor efficiency and combustlon efficiency, the reduction in engline-
inlet Reynolds number resulied in an increased fuel flow. At rated cor-
rected engine speed this increase was shout 12 percent.

A method is presented whereby convenbtlonal performance variables
such as nebt thrust and specific fuel consumption may be obtalned for
any £light condition within the range of Reynolds numbers investigated.
The increased exhaust-gas temperature caused an increase in tall-pipe
total pressure which offset the decrease 1n corrected alr flow and thus
produced a generallzation of the thrust pearameter.

INTRODUCTION

Tn previous altitude-performance evaluations (for example, refer-
ence l), data were obtained over a range of altitudes and fllight Mach
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numbers and were generallzed by the use of the convenblonal temperature
and. pressure factors as described in. reference 2. Fallure of the per-
formence variables to generalize for all altitudes and £1ight Mach num-
bers, over the range of englne speeds where sonlc flow exists in the
exhaust nozzle, has been shown to result from elther a Reynolds number
effect or a variation in combustion efficiency (reference 3).

The Investigation, conducted over & range of altitudes and flight
Mach numbers, produced data which were of limited applicabilility. The
present Investigatlion of the component and over-all performance charac-
teristics of an axlal-flow turbojet engine of current interest was
therefore conducted over a range of engine-inlet Reynolds numbers at the
NACA TLewls laborastory. In order to simplify operation, Reynolds number
Index, which 1s proportional to Reynolds number at a given corrected
engline spesd and 1s s function only of engine-inlet total pressure and
temperature, was used 1lnstead of Reynolds number. Because departures
from established genersalizaetlon may be lnvegtigated dlrectly and pri-
maxrily by this method, fewer data are requlred and are applicable to an
extensive range of flight condltions. :

Date were obtalned over a range of Reynolds number indices from 0.2
to 0.95 which produced data which were gpplicable over =z range of altl-
tudes from 10,000 to 50,000 feet at s flight Mach number of 0.7. Com-
pressor, combustor, turbine, and over-all engine performance data are
presented over the range of Reynolds number indices investigated. The
trends of over-all englne performance are discussed with reference to
the Reynolds number effects on the component performance. Combustion
efficiency is presented as a function of combustor-inlet conditions over
the range of engine-inlet condltions and engine speeds investigated.

The data obtalned in this. investigation provide a mesans of predict-
ing the performsnce at any flight conditlon for which critical flow
exlgts in the exhaust nozzle. . An example is included tor 1llugtrate the
method of obtalning conventlonal performance parameters such as net
thrust and specific.fuel consumptlion for a gilven flight condlition from
the data presented herein. Because the data presented in this report
are valld for only one exhaust-nozzle areas, an example of a method of
ed justing the performence data for small variatlons in exhaust-nozzle

area 1s also presented.

APPARATUS

Engine
A J35-A-29 axial-flow burbojet engine which had an 1ll-stage com-

pressor, a pressure ratio of 5.25:1 abt the rated englne speed of
8000 rpm, eight tubular combustion chambers, and a single-stage

il

Al
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turbine (fig. 1), was investigated. This engine was a preproduction
model of the J35-A-29 engine and had the same power section as the
J35-A-33 englne. A.fixed conical exhaust nozzle having a diameter of
18.00 +0.01 inches at 60° F was installed on the engine. This nozzle

1s designed to produce a tail-pipe gas temperature of 1300° F (1760° R}
at rsted engine speed and static sea-level conditions. At these opera-
ting conditions and when inlet screens are used, the manufacturer guar-
antees & rated thrust of 5400 pounds with & specific fuel consumption
of 1.06 pounds per hour per pound of thrust and an estimated air flow of
91 pounds per second. The rated thrust without inlet screens would be
5600 pounds. The maximum dimensions of the engine are & 37-inch diameter
and a 146-inch length. The dry engine welght without starter generator
and tachometer generator is 2305 pounds.

The autamatic fuel control for the englne was replaced with an
ad justable pressure-control valve to allow a wider raenge of operation
and full throttle semslitlvity at high altitude. An aluminum bullet-
type accessory cover and bell cowl (fig. 1) were installed at the com-
presgor inlet to obtain & smooth ailyr flow into the compressor.,

Altitude Chamber

The eltitude chamber in whilch the engine was installed i1s 10 feet
in dismeter and 60 feet long (fig. 2). A honeycamb is installed in the
chember upstream of the test sectlion to straighten gnd smooth the
flow of Inlet ailr. The front bulkhead, which Incorporated a labyrinth
seal around the forward end of the englne, was used to prevent the flow
of combustlon alr directly into the exhaust system and to provide a means
of maintaining & pressure difference ascross the engine. A l4-Inch
butterfly valve was installed in the front bulkhead to provide cooling
alr for the engine compartment. A rear bulkhead was installed to act
ss a radlation shileld and to prevent recirculation of exhsust gases
gbout the engine.

Alr is supplled to the inlet section of the engine through a supply
line from the lsboratory alr system. Combustion alr can be obtalned
from this system over a range of temperatures from -70° to 85° F. Small
changes in the inlet-alr temperature are obtained by the use of electric
hegters installed in a bypass line upstream of the chamber. The inlet
end exhaust pressures are controlled by means of remote-control valves’
in the supply lines and the exhaust lines, respectively.

The exhaust gases from the Jet nozzle are removed from the exhaust
section of the altitude chamber through a diffusing elbow and & dry-
type primary cooler. A dry-type secondary cooler downstream of the
exhaust velves further cools the hot gases before passing them into the
laboratory exhaust system.
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INSTRUMENTATION

The locatlong of the lnstrumentation stations, before and after
each of the primcipal components of the engine, ere shown in figure 3.
The detalled srrangement of the separate temperature and pressure probes
at each statlion ls ghown In figure 4 for thome stations at which date
are presented hereiln.

Engine-inlet pressure and temperature were set for a glven run
according to the readings of the instrumentation at statlion 1. The tem-
beratures and pressures messured at statlon 2 were used in calculating
the altitude correctlon factors 6 and 8, and the compressor alr-flow.
(All symbols are defined in the appendix.) Pressure and temperature
Instrumentation was slso installed to determine engine midframe air-
bleed. The engine-alir flow was equal to the air-flow measured at sta-
tion 2 minus the alr bled off at the midframe. Combustor static pres-
sure was obtalned at station 4 from statlc-pressure taps in combustors 2
and 6. One Gtotal-pressure probe was located approxlimetely in the center
of each of the elght transitlions fram the combustor to the turbine at
gtation 5. Pressure snd temperature probes at each stabion, except
station 7, were so located that a mean value of temperature or pressure
could be obtalned directly by averaging the individuel readings. At
station 7, the average values of total temperature and pressure were
obtalined from plots of the temperature and pressure profiles, and statlc
pressure was obtalned from a mechanlcal average of four wall-static
orifices. These measurements at stablon 7 were used to calculate jet
thrust. ’

The astmospherlc pressure surrounding the Jet-nozzle was measured by
two probes located near the Jet-nozzle outlet in the exhaust portlion of
the chamber. In order to Ilmprove the accuracy of data and the ease of
operetion, two calibrated aneroid manometers (one high pressure and one
low pressure) were used to set inlet and exhaust presgures; and an elec-
trically operated strobotac was Installed to assglst In maintaeining
constant engine-gpeed settings.

Fuel flow was msasured by two rotameters conmected 1ln series; two
rotameters were necessary Lo cover the entire range of flows and to keep
the physical slze at & minimum. The rotemeters were callbrated with the
fuel used in the investigation (MIL-F-5624A, grade JP-3).

PROCEDURE

Reynolds number index, a functlon only of temperature and pressure,
is defined by the expression 8,/f;+/6;. The derivation of this expres-

sion 1s presented in reference 4 where 82 is the ratic of compressor-
inlet absolute total pressure to absolute total pressure of NACA

 ——
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standerd atmosphere at sea level; 6, 18 the ratio of compressor-inlet
abgolute total bemperature to absolube total btemperaturs of NACA stan-
derd atmosphere at sea level; and ¢2 is the ratioc of viscoslty at the
compressor-inlet tobal temperabure to viscogity at WACA standard gesa-
level temperabure.

The 1nlet conditions were varled to correspond to Reynolds number
Indices from 0.2 to 0.95. For each Inlet condition the exhaust pres-
sure was reduced to the minimum of the exhaust system with the engine
operating at rated speed. The inlet temperature and pressurs and the
exhaust pressure were then maintained while data were taken over a range
of engline speeds from rated speed to approximately the speed where the
oxhaust nozzle was barely choked. A summary of the operating conditions
covered in the investigation ls glven in the followlng table:

Reynolds Inlet Inlet Ram-
number total total pPressure
Index temperature pressure ratlo

(°R) (1v/8g £t)

0.2 405 310 1.45
.3 405 465 1.4
.4 405 610 1.4
4 465 740 .78
A 485 740 2.18
.5 465 923 1.78
.5 465 923 2.22
.6 465 1100 1.78
.95 520 2000 2.32

As shown In the table, three ram-pressgure ratlos Pz/po were uged at a
Reynolds number index of 0.4 and two st 0.5 to verify the gemeralization
with exhaust-pressure varlation. At a Reynolds number index of 0.4, two
geta of inlet condltions were used to determine whether there were any
effects of tempersture and pressure other than those of Reynolds number
variations.

RESULTS AND DISCUSSION

The performsnce daba obtalned in this investlgation were corrected

to standard sea-level conditions in the conventlonal memmer (reference 2)
and are presented in table I. Generalization of data for various engine-
inlet conditions thst give the same Reynolds number index requires choked
flow in the exhaust nozzle. The range of engine speeds over which the
exhangt nozzle of the engine was choked ie shown in figure 5 for a range
of altitudes and flight Mach numbers. At all altltudes, this minimum
corrected engine speed at which chcoking occurred decreased linearly
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from about 7750 rpm at a flight Mach number of 0.2 to about 5450 rpm
et a flight Mach number of 1.3. The data of this report may be used
to determine performance only at flight conditions in the choked
region ghbove this curve. .

In order to ald in determining the Reynolds number index corres-
ponding to a gilven flight condlitlon and thereby determine the engine
performaence at NACA standaxd altlitude condltions from the generalized
data presented, the values of &, 8, §, and Reynolds number index are
given in teble IT for a wide range of flight conditlons; 100 percent
ram-presaure recovery was assumed.

Compressor Performence

Compressor performance characterlistlcs are presented In figure 6
for the range of Reynolde number indices inveatigated. The decrease in
compreggor efficiency sncountered with the reduction in Reynolds number
index is shown in figure 6(a). The peak compressor efficiency occurred
at a corrected engine speed of about 7000 rpm for all Reynolds number
indices investigated and decreased from 82 percent to 78 percent as
Reynolds mumber index was decreased from 0.95 to 0.2 (corresponmding to
an increase in altitude from 10,000 to 50,000 f+t at a flight Mach num-
ber of 0.7). Corrected compressor air flow is shown as a fumction of

corrected engine speed over the range of Reynolds number Iindices investi-

gated in figure 6(b). At Reynolds number indices of 0.4 and above,
corrected air flow generalized at corrected englne speeds below about
7200 rpm. At & corrected engine speed of 8000 rpm, the corrected com-
pressor alr flow decreased from 90.7 to 86.0 pounds per second as
Reynolds number index wes decreased fram 0.95 to 0.2. The ratioc of
midframe alr-bleed to compressor alr flow 1s presented In figure 7 as
a function of the ratio of compressor outlet total pressure to amblent
static pressure. The englne air flow is equal to the compressor air
flow minus the midframe air-bleed. The decreese in efficiency and alr
flow will shift the compressor operating point (equilibrium point with
the turbine) because of the increase in work required of the turbine.
The amount of this shift is 1lluetrated in figure 6(c). Although the
compressor operating lines shifted as Reynolds number index was reduced,
the simlteneous decrease in air flow and increase in turbine-inlet
temperature due to the losa in efficiency’waé"sudh that the varistion
of compressor pressure ratio wilth corrected énglne speed generalized
for all Reynolds mumber indices investigated as shown in figure 6(d).

Combustor Performance

Variation of the total-pressure-loss ratlo across the combustor
with corrected engine speed is shown 1n figure g(a). Over the range of

2
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engine speeds Investigested, the totsl-pressure-loss ratio decrsased with
Increasing corrected engine speed wlth no apparent effects of Reynolds
nuwber index. Combustion efficlency (fig. 8(b)) was found to generalize
wlth the paramster P42/Wé,3 which 1s proportionel to a combustion

paremeter derived 1n reference 5. At a combugtion parsmebter value sbove
300,000, the correlatlon was wlthin 4+0.025 and a constant combustion
efflciency of gbout 0.94 was indicated. At lower values of the combus-
tion parameter, combustlon efficiency dropped rapidly and the datba
scatter was approximately doubled. From thess data, 1t is concluded
that for the Reynolds number indices and the corrected engine speeds of
this Investlgatlon, the effects of fuel-alr ratlo and Puel-spray patbtern
were secondary. The daeshed curve in figure 8(b) shows the results of a
subsequent investigation (reference 6) in which modified combustor Lliners
had been Installed and indicates an improvement in combustion efficiency
of about 0.03 over a large part of the operable range. These modified
liners are deslignated "smokeless" liners by the mesnufacturer and are
standard on the production models of the engine.

In order to use figure 8(b) for predicting combustion efficlency
under altitude operating conditions, the variation of the term p42fwa,3
with corrected engine speed and Reynolds mumber index must bhe evaluated.
In order to facilltate thie evaluatlon, a generalized plot of

pész& 381/5 agalngt corrected englne spsed for the various Reynolds
2
number indices 1s presented in figure 8(c).

Turbline Performance

Turbine total-pressure ratic (fig. 9(a)) generalized for all condi-
tlons at the high corrected englne speeds but the data scattered at the
lower engine speeds investigated. Turbine efficiency (fig. 9(b)) remained
nearly constant at about 0.81 over the engine-spesd range investlgated at
Reynolds number lndices gbove 0.4. Reducing the Reynolds number index
to 0.3 and 0.2 lowered the effilclency by 0.01L and 0.03, respectively.

The corrected turbine ges flow (fig. 9(c¢)) was constant over the range of
corrected engine speeds investigated amd no Reynolds number effect wes
obtalned. The constant corrected gas flow resulted from the turblne noz-
zle being choked over this range of englne speeds and indlcates that
within the accuracy of the data thers was no apparent reduction in effec-
tive turbilne-nozzle area dus to a Reynolds number effect. The decrease
in turbine efficlency &t the low Reynolds number indices is belleved to
heve been the result of a shift 1n the turbine operating polnt anmd a

Reynolds number effect.
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Generalized Englne Performsnce

The effect of Reynolds number index on generalized engine perform-
ance is shown in filgure 10. Corrected exhaust-gas total temperature
(fig. 10(a)}) increased with & reduction in Reynolds number index. The
increase st any given corrected engine speed was 130° R with a reduc-
tion in Reynolds number index from 0.5 to 0.2. This increase in cor-
rected exhaust-ges total temperature 1s the result of a shift in the
engine operating point caused primarily by the decrease in compressor
efficiency and turbine efficiency. At corrected engine speeds sbove
gbout 7000 rpm, the corrected fuel flow (fig. 10(b)) generslized for
Reynolds number indices from 0.95 to 0.4 and increased at the lower
values of Reynolds nunber index. This increase resulted from the
required rise in exhaust-gas temperature and the decrease in combus-.
tion efficiency at low Reynolds number indices. The increase in
corrected fuel flow &bt rated corrected engine speed wasg spproximately
12 percent as Reynolds number index was reduced from 0.4 to 0.2,

The effect of Reynolds number index on the engline pumping charscter-
istics ig illustrated in figure 10(c), which also includes lines of con-
stant corrected englne speed. These constant-speed 1lines were obtained
from figure 10(a) by using the relation that the engine total-temperature
ratio 1ls equal to the corrected exhaust-gas total temperature divided by
NACA sea-level stendard btemperature. As the Reynolds number index was
reduced, the pumping-cheracteristic curves shifted 1in the direction of
increased engine total-temperature ratlo at a glven engine total-pressure
ratio. Thie ghift in the curves reflects the reduced efficlency of the
compressor and turbine. At a glven corrected engine speed, & decreasse in
the Reynolds number Index resulted in an increase in engine total-
temperature ratio with an sccompanying slight rise in engine total-pressure
ratio. The combined effect of these increases in temperature and pressure
ratlos and the decreased alr flow was such as to produce nc apparent
Reynolds number effect. on the corrected Jet-thrust parameter (fig. 10(d)).
The Jet-thrust paramster therefore generallzed throughout the range of
the Reynolds mumber indices and corrected engine speeds Ilnvestligated.

The conventional performance varigbles such as net thrust and spe-
cific fuel consumption can be chtained for any flight condition directly
from the data which have been presented. An example is presented in the
appendix to indicate the technique for thus applylng the data.

The following comparison has been made between the manufacturer's
rated values for sea-level static conditions, the manufsacturer's cali- .
bration, and the results of this investigation by utilizing this
technique of transforming the data:
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Manufacturer's [Manufacturer's | Pregent Investlgation
rated wvalues calibration [investligation| corrected to
with exhaust-gas
afterburner total tem-
perature of
1300° F
Engine speed
{rpm) 8000 8000 8000 8000
Thrust (1b) 5400 5250 5100 5485
Specific fuel
conswmption,
1b/hr
Th/theun 1.06 1.09 1.11 1.05
Turbine-outlet
total
temperature a
(°r) 1340 1285 1245 1300
Alr flow
(1b/sec) Pgg ~——- 89.8 89.8

Meaximum permissable operating temperature; normal limiting temperaturs

is 1300° F for an inlet temperature of 60° F.

bEstima'bed. .

The performance values in the second column were obtained by the manu-
facturer during a sea-level callbration of the sngine used for the pre-

gent investlgatlon.

This performance cslibratlon by manufacturer was

made with a short afterburner lnstalled on the englne and at a turblne-
outlet total temperature of only 1285° F as campared wilth 1300° F spe-

cifled far the

3 percent below the rated value.

performance.

Consequently, the thrust obtained was about
Hed the turbine-outlet temperature

been between 1300° and 1340° F, the thrust would have exceeded the

manufacturer's

rated value.

The values shown in the third column of the table were taken directly

from the data presented hereln.

Because the turbine-outlet temperature

was only 1245° p , the thrust fell nearly 6 percent below the rated value
and the specific fuel consumption was nearly 5 percent above the rated

value.

These performance values were adjusted to a turblne-cutlet tem-

perature of 1300° F by means of the engine pumping characteristics and

the results sre shown In the last columm of the table.

The technique

utilized to ad Just the performsnce for small changes In exhsust-gas
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temperature and congegquently exhsust-nozzle area is explalned in the
appendix. This ad.,justed performa.nce met the manufacturer's rated
values.

CORCLUDING REMARKS

An Investigatlon of an axlal-flow turboJet engine has shown that
reducing the engine-inlet Reynolds number has & detrimental effect on
engine performance. The Reynolds number varlatlon investlgated cor-
responds to a varlatlon in altitude from 10,000 to 50,000 feet at a
flight Mach number of Q0.7. A reductlon 1n engine-inlet Reynolds number
produced a reduction in compressor efficlency and sir flow bubt did notb
affect compressor pressure rabtlo at a given corrected englune gpeed. The
reduced compressor efficlency requlred an lncrease in turbine power for
each pound of air handled. This power Incresse was accompanled by an
increase 1n engine fuel-alr ratlioc and an attendant increase in turbine-
inlet temperature. At low englne-inlet Reynolds numbers a slight
decrease In turbine efficlency occurred, which 1s attributed to the com-
bined effect of the ghift In bturbine opsrating polnt and the reduced
Reynolds number. The higher turbine temperature obtalned at low engine-
Inlet Reynolds numbers produced a higher corrected tall-pilpe pressure;
together, these offset the decrease in corrscted alr flow and thereby
resulted In a generalizatlion of the thrust perameter.

Combustlon efflciency was presented as a functlon of a combustlon
parameter which 1 based on the asgumption that efficlency 1s propor-
tional to combustor-inlet pressure and temperature and inversely pro-
portional to lnlet veloclty. At low values of this parameter, which in
general correspond to low englne-inlet Reynolds number operation, the
combustion efficlency dropped very repidly. The combined effects of
decreased combustion efficlency and compressor efficlency, resulted in
an increase in englne fuel consumption at low inlet Reynolds numbers.
At rated corrected speed this Increase amounted to &bout 12 percent.

The presentation of combustion effilclency a8 a functlon of
combustor-inlet conditions and of engine performance parameters as &
function of Reynolds number allows the determination of performance of
this englne for any flight condition wilthin the limits of the engine—
inlet Reymnolds numbers investigated.

Tewis Flight Propulalon Leboratory
National Advisory Committee for Aeron_autics

Cleveland, Ohlo

D447
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APPENDIX - CALCULATTIONS

Ths following symbols sre used in this report:

A area, gq £t
actual V¥
effective veloclty coefficient, — ——=
c’V‘,e ectlive wvelo ¥ L3 nt, idesl v,

6P gpecific heat at constant pressure
F net thrust, 1b
¥y Jet thrust, 1b
kg fuel-alr ratlo
4 acceleratlion due to gravity, i"l:,/sec:2
3 enthalpy, Btu/lb
M Plight Mach number
N englne speed, rpm
P total pressurs, lb/sq f&
P static pressure, lb/sq £t
R ges constant, £t-1b/(1b)(°R)
T total temperature, °R
t statlc temperature, °R
v velocity, ft/sec
Asg
Ve effective velocity, vy o+ (l+f)Wa’3 (pj-po), £t/sec
Wo air flow, 1b/sec
We fuel flow, lb/hr
Wg gas flow, 1b/sec
'E - ratio of specific hesats
o] ratlo of total pressure to NACA standard sea-level pressure B

2116 1b/sq £t

L
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1S combustion efficiency

Mg compregsoy efflclency

Ny turbilne efficiency

e ra;.igooIf{ total temperature to NACA standard sea-level temperature,

o) ratlo of coefficlent of viscosity corresponding with total tem-
perature to coefflclent of viscoslty corresponding with NACA
standard sea-level temperature, S519° R. This ratio ia a
function only of tempsrature end is equal to —-———-7;_?2?_65

Subscripts:

n nldframe

n nozzle

J Jot

0 emblent

1 bellmouth Inlet

2 compregsor inleth . L _

3 campressor outlet or combustor Inlet

4 cambustor i

5 combugtor outlet or turbime inlet

6 turbine outlet

7 exhaust-nozzle Inlet

Methods of Calculation

Jet-thrust parameter. - The Jet thrust was determined fram the

measured air filow, the measured total-to statlc pressure ratioc at the
exhaust nozzle, and an estlmated effective velocity coefficlent of

0.98, by using sn effective veloclty parameter which, for critical flow,
is equivalent to e o -

2441
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77 2

where A;] is the effective throat area of the Jjet and Dy is the static
pressure gt that location. That 1g,

x_
e (2)7
Py =7 \5T

+1
R _('\,T7)(1+f)waé (1 77_1)227-15
J P & 2

R

and

The jJet-thrust parameter is defined by the expression (Fj+pgA )/Sa,
where A, 1s the hot area of the exhaust nozzle obtalned from the cold
area, measured skin temperabure, and the coefficient of expansglon of the
meterial., When using the Jet-thrust-parameter curve to flmd Jet thrust,
it is suggested that an average hot area of 1.78 square feebt be used
Ingtead of the cold area of 1.765 square feet for A .

Correcting test values to flight conditlons. - Iset 1t be assumed
that 1t is desired to determine the performance of thls englne at an
NACA standard altitude of 40,000 feet, a flight Mach number of 0.6, and
an actual englne speed of 7500 rpm. Values of &5, 95, and Reynolds
number index of 0.2364, 0.8118, and 0.3065, respectively, can be obtained
from teble II.

Then the corrected englne speed is

N 7500 7500 _ gao4 vpm

/6 = +/0.8118 ~ 0.9010

The values for the varlous parameters wlll be taken from the curves
in this report at this corrected engine speed and a Reynolds number index
of 0.3. From figure 6(c), corrected compressor air flow wa’z-‘/ez/sz

equals 89.4 pounds per second. Then actual compressor glir flow is

(Wa 2vO2\ 8  89.4(0.2364)
W = 2 = = 23.5 1b/sec
a,2 82 ) /—62 0.9010
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At a Mach number of 0.6, the rem-pressure ratio Pz/PO 1a 1.276.
In figure 6(d), the compressor pressure ratio P3/P2, 1s given as 5.5;

this gives
P P\ /P
S (EE) - 7.0
Po Po/\ B

In flgure 7, the ratio of the mldframe alr bleed to compressor air flow
1s 0.0185. Therefore, the englne alr flow 1s

Vo5 = 0.9815 wa’z = 23.1 1b/sec

In figure 8(c), the corrected combustion parsmeter P42/wﬁ 5 8,7/6,
1s 146x10%. The combustion parameter is ’

2
P D
£ - 4 (5,/82) = 146x10%%0.2364%0.901 = 311,000

W
a WA,SSZ 8o

In figure 8(b), this value corresponds to & combustion efficiency of 0.94.

In figure 10(a), corrected exhaust-gas total bemperature T7/62
oquals 1915° R and the actual exhaust-gas total tempersture is

T, = 1915x0.8118 = 1555° R

In figure 10(b), corrected fuel flow Wp/85+/6 is given as
6600 pounds per hour. Then the actual fuel flow is

Wp = (6600)(0.2364)(0.9010) = 1406 1b/hr

In flgure 10(d), the Jet-thrust parameter (FJ+POAn)/82 is
9350 pournds. The Jet thrust l1s

FJ = 9350 B5-PohAp = 9350%0.2364-391.9X1.78 = 1512 1b

where Dpg is 391.9 pounds per square foot, the atatic pressure at
40,000 feet, and A, 1is 1.78 square Peet 88 explained previously. At
an altitude of 40,000 feet the mpeed of sound is 971 feet per second
end a Mach number of 0.6 corresponds to an alr speed of 583 feet per
second. The inlet momentum is, therefore,

Wg,2 23.5

e Vo = 5597 (583) = 425 1b

%2
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end the net thrust is

Wﬁ 2
F = F.j - ——é—-Vb = 1512-425 = 1087 1b

Net thrust specific fuel consumption 1s

Wr 1406
+ = Tog7 = 1-29 1b/(br)(1b thrust)
Test values correcbed to exhaust-gas total temperature of 1300° P. -
In RESULTS AND DISCUSSION values are given for rated engine conditions,
which were corrected to an exhaust-gas total tempersture of 1300° F (17600 R)
instead of the 1245° F (1705° R} obtained from figure 10{a) for standard
sea-level conditions. This difference in temperasture was dune Ho a ram -
Pressure-ratio effect which becomes negligible sbove & ram pressure rgtio
PI/PO of 1.4. This ram-pressure-ratio effect is due to a varistion in the
effective exhsust-nozzle ares or flow coefficient with nozzle pressure
ratio. The method used to adjust the rated performance at standard sea-level
conditions, which is given in the following discussion, applies equally
well for similar small changes in turbine-outlet temperature or effective
exhaust-nozzle area at any other £light conditlons.

At rated englne speed and standard sea-level statlc conditlons, the
maeximm exhsust-ges total temperature should have been 1760° R; the
resulting engline total-temperature ratlo T7/T2 would have been
1760/519 or 3.39. If the pumping~characteristic curve (fig. 10(c)) is
entered at & Reynolds number Index of 0.95 and at this valus of temper-
ature ratio, the engine total-pressure ratio P,/P, 1s 2.0lL. Exhaust-

nozzle-inlet total pressure is then found to be

P
P, w - P, = (2.01)(2116) = 4253 1b/sg £t
Py "2

It is assumed that the small change in engine total-pressure ratio
from the actusl value of 1.96 to the new value of 2.0l does not change
the compressor operating point enough to appreciably change the alr flow.
The fuel flow, air flow, and engine total-~temperature ratios can be
Pound. for the actual operating conditlons at the desired inlet condl-
tions (in this case standard sea-~level temperature and pressure) over a
range of englne speeds by using the technlgue explained in the previous
example. With these valuss, a plot can be made of fuel-air ratlo against
engine total-temperature ratio, as shown in flgure 11. Thig plot ylelds
the fuel-air ratlo for the desired engine temperature ratlo, in this
cage, £ = 0.0177. This curve was based on the assumptlons that T was

conetant and that for a small change in T-/T5, o, and my, weYe con-
gtant. The ratlo of specific heats 77 of the exhaust gases was baken
consistent with temperature end fuel-alr ratio (reference 7). In this
cese, with T, = 17600 R and f = 0.0177, y equals 1.323.
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Midframs alr bleed was obtained from figure 7, in this case
We ,2 = 90.7 pounds per second; Wy 3= Wé 2-0.01 W, 2 = 89.8 pounds per

second If these values are used in ﬂhe equations previcusly discussed,
1.323+1

Ay = 3@) (1.0177)(89.8) L 1_323_1)2(1.325-1) i
! (4253 ,\/Q.szsg(sz.r/) T2 1.695 sq £t

53.4

1.323

o 0.325
Py = 4253 7o = 2297 1b/sq £t

323+
and.

Fy = 0.98 {(1.0177)(89.8)'\/(2%§ﬁ.‘,4) %::g‘;’ (1760) (:l - (-——2,223):] *

1.695(2297-2116)} = 5465 1b

Fuel Ilow was determined from the relation
We = (£)(W,)(3600) = 0.0177(89.8)(3600) = 5715 1b/hr

and net thrust specific fuel consumption was determined as

Wr 5715
+ = Sr52 = 1.045 lb/(hr)(]_.b thrust)

In correcting data of this report at any flight condition for the
effect of such s change 1n nozzle slze:

(1) Assume that corrected air flow plotted against corrected engine
speed does not change wilth small changes in exhsust-gas pressure and
tempereature,

(2) Plot fuel-air ratio agalnst engine temperature ratio as explained.

(3) The femily of curves of corrected exhaust-gas total temperature
sgainat corrected engine speed should be so adjusted that, at a speed of
8000 rpm and a Reynolds number Index of 0,95, the corrected exhaust-gas
total temperature im 1760° R. The new tamperature-speed curves should
be drawn parallel to and spaced the same as the curves in figure 10(a).

(4) Thrust, fuel flow, and specific fuel consumption can be deter-

mined throughout the renge of englne speeds by using this new curve
together with the engine pumping characteristice, as shown by the example

for rated speed at sea-level ptatic conditiona.

2441
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TABLE I - PERFORMANCE AT VARIOUS

Run| Reyn- Ram Com-~ Com- Com- Com- Couw- Cor- |Calcu- | Tur- |Engine
olds |pressure|pressor-|pressor |pressor|pressor |bustor| rected| lated | bine |total
number ratio inlet inlet total dis- total com-— tar- [total ten-
index Po total total pres- charge pres-| bustor| bine pres-| pera-
& P preasure |tempera- sure total sure ptatic | 1nlet | Bure ture
0 Po ture ratio |tempera-| loss pres- total | ratio| ratio
E U! 1ib To Pg ture ratio sure tem- Pg Ty
(sq I‘E) (°R) ¥s Ty P5-F5| Py |Pera-| g T2
(R} | TPF5| Bz Ts
(srre | (oR)
1l |0.204 1.462 313.9 408 2.646 587 [ 0.0497 5,350 1060 2.337] 2.12
2 .199 1.5286 511.1 412 2.989 608 .0503 5,892 | 1090 2.450] 2.15
3 .201 1.513 313.8 412 3.349 627 .0438 6,777 | 1180 2.508] 2.32
4 .2086 1.438 315.4 408 3.424 626 .0454 6,922 | 1240 2.435| 2.52
S . 205 1.437 314.3 406 4.397 883 .J412 8,956 | 1520 2.446| 3.13
3] . 206 1.434 315.7 406 5.112 725 .0366{ 10,460 | 1740 2.453| 35.59
7 .204 1.415 312.8 407 5.6386 781 .0363] 11,510 | 1900 2.485] 3.92
8 .202 1.429 310.4 408 6.066 807 0356 12 Q| 2050 2,527 4.28
9 {0.316 1.380 473.6 400 2.815 580 0.0435 5,706 | 1040 2.355] 2.11
10 .308 1.384 465.6 403 3.497 622 .0457 7,078 | 1205 2.481] 2.39
11 .305 1.405. 462.6 403 | 4.589 682 .0396 9,328 | 1505 2.494] 3.06
12 .304 1.403 465.8 405 5.136 718 .0348| 10,490 | 1665 2.498| 3.41-
13 .306 1.402 463.7 403 5.605 751 ° .0346| 11,440 | 1880 2.504| 3.84
4 =305 1.420 461.9 403 6,021 794 0545 12,290 | 2035 2.540] 4.18
15 [0.408 2.190 137.9 482 1.859 601 0.0561 3,702 Ti5 394 1.35
18 404 1.782 740.9 465 2.327 837 0481 4,684 957 2.421) 1.68
17 .406 2.187 738.2 462 2.293 632 0528 4,580 918 2.486| 1.61
18 .408 1.413 628.8 408 2.642 580 0439 5,350 995 2.328| 1.99.
18 .401 1.7768 7389.3 467 2.895 678 .0430 5,861 ] 1143 2.507] 1.95
20 409 1.414 625.9 406 3.395 620 .0456 6,876 | 1160 2.452| 2.35
21 .404 2.155 736.3 463 3.391 708 .0465 6,856 | 1315 2.499| 2.27
az 401 1.777 740.0 467 3.739 735 0434 7,575 | 1440 2.516| 2.47
23 .412 1.418 623.7 403 4.483 675 0404 9,101 | 1465 2.508] 2.9%
24 408 1.776 739.5 4863 4.824 795 0367 9,823 | 1750 2.5121 3.11
25 404 2.161. 732.0 461 4.987 799 .0369 [ 10,130 | 1785 2.507) 3.19
26 412 1.421 621.8 402 | 5.360 729 .0348( 10,940 | 1726 2.526] 3.48
27 .405 1.784 42.3 465 5.513 855" L0347 | 11,250 | 2055 2.522] 3.61
gB .4?8 2.164 732.7 460 | 5.654 855 .0350 | 11,530 | 2095 2.5241 3.72
] Y ) 1.405 621.6 £03 5.952 790 .G351( 12,120 | 2015 2.5¢11 4.10
30 [0.S08 2.241 924 .0 462 2.010 609 0.0533 4,007 793 2.475| 1.38
31 .504 2.231 g22.8 465 .| 2.289 832 .05186 4,572 880 2.511] 1.5%
32 .508 1.780 926.1 463 _| 2.600 8653 0449 5,245 | 1040 2.486} 1.79
33 .510 1.783 g28.9 463 | 2.80¢% EBS .0433 5,679 | 1110 2.494] 1.89
34 .504 2.202 920.3 464 | 3.428 708 .0450 7,098 ] 1320 2.512]| 2.28
35 .511 1.779 918.2 458 .| 3.870 728 . L0414 7,847 | 1470 2.523] 2.54
36 .508 1.783 919.9 461 | 4.733° 787 .0374 9,830 | 1735 2.512| 3.06
37 .512 2.202 916.8 457 4.930 788 .0367| 10,040 | 1765 2.509) 3.16
38 .504 2.212 913.1 461 '| 5.636 851 Q350 | 11,490 | 2095 2.5171 3.67
39 .507 1.796 924 .0 463 5.602 853 0342 11,480 | 2105 2.523| 3.67
40 ]0.604 1.774 1116 468 [ 2.202 631 0.0501 4,412 885 2.369( 1.58
41 .589 1.764 1107 468 2.829 6735 .0428 5,719 | 1115 2.490{ 1.88
42 .602 1.774 1106 466 | 4.120 752 0413 8,355 | 1580 2.508| 2.67
43 .598 1.763 1100 466 [ 5.193 821" .0359| 10,580 i 1910 2.507|( 3.31
44 .598 1.777 1100 467 5.553 854 0350 | 11,320 | 2095 2.516( 3.60
45 .598 1.860C 1100 468 5.581 857" .03471 11,380 | 2115 2.510) 3.63
46 .589 1.543 1084 464 5.582 855 03601 11,370 | 2095 2,511] 3,81
47 10.962 2.34Y 2020 516 2.015 679 0.0523 4,015 869 495 | 1034
48 . 944 2.344 23018 523 2.137 697 .0522 4,264 923 2.518| 1.41
49 .959 2.334 2014 516 .} 2.974 749 L0419 6,018 | 1280 2.521) 1.53
SO .938 2.323 2000 522 [} 4.209 844 .0408 8,537 | 1790 2.502) 2.70
S1 .548 2.377 2000 518 5.083 89s 05621 10,360 | 2060 2.505( 5.1%
52 . 953 2,328 2006 517 5.247 810 .0363 | 10,680 | 2130 2.502] 3.89
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ENGINE OPERATING CONDITIONS
Engine | Cor- Cor- Com-— Com- Cor- Cor- Tur- Cor- Cor- Cor-- |Run
total |[rected rected|pressor |bustor] rected rected bine |rected| rected rected
pres- [englne com~ effi- effi- com- turbine effi-{ fuel [exhaust- Jet
sure speed | pressor| clency|clency] bustion gae flow |clency| flow gas thrust
ratio N air fliow N paramgter Hg 5,/95 Ng Wf,e total para-
Py T W 2.\/'95 Py | =2 76—' temper-| meter
= 2 18, e 15/1-4 52A92| ature |Ps+poAj
2 (rpm) L7 W 5;;9 1b )
a,3 1b B 7 |7
%c) sec Bz (1b)
) i (°r)
1.054 6147 S7.7 0.731 [0.7535 | 49.62x10% 37.2 0.790 2100 1100 4,760 1
1.121 6366 62.6 .778 .733 | 57.40 36.5 . 792 2390 1115 5,110 2
1.243 6615 67.5 .790 .810 | 68.01 36.2 .789 2710 1205 5,690 3
1.304 6674 68.1 TTT .940 | 70.34 37.1 .786 2700 1305 5,980 4
1.668 7354 78.3 772 .942 [103.6 . 36.8 .790 £330 1625 7,600 )
1.942 7919 85.3 754 .921 1130.5 36.8 .788 6030 1865 8,8350°| 6
2.119 8442 88.3 733 .898 152.97 36.1 .789 7280 2030 9,560 7
2.253 9025 88.8 .687 .881 {176.5 35.2 799 8420 | 2205 10.06Q 8
1.118 6221 61.0 ¢.766 |0.868 | 53.37 36.7 0.808 1890 1085 5,030 9
1.305 6723 69.9 . 794 .927 1 71.89 36.4 .807 2540 1240 5,970 |1
1.713 7459 83.0 .788 .946 106.2 36.9 .800 4440 1585 7,890 |1
1.926 7935 86.9 LTT2 .929 [128.6 36.3 .798 5600 1770 8,760 |12
2.104 8488 90.0 737 .921 |148.17 _ 36.6 .791 6980 1980 9,610 |13
2.234 2083 90.8 -689 -907 170.0 35.9 803 8100 2165 30,130 |14
.7214 | 5508 49.8 G.647 |0.655| 27.53 36.7 0.824 651 702 3,260 |15
.8977) 5881 56.9 .738 .841 | 58.9 36.6 .816 1080 861 4,070 |16
- .8563 | 5891 57.0 .729 .859 | 36.8 37.1 .812 957 834 3,950 |17
1.067 6074 59.8 .761 .898 | 47.90 37.1 .814 1580 1030 4,800 |18
1.076 6329 65.4 .7686 .948 | 53.19 36.6 ° .814 1580 1010 4,950 |19
1.289 6650 70.3 . 794 .943 | 67.81 37.1 .805 2450 1220 5,910 | 20
- 1.257 6668 70.8 . 793 .968 | 67.01 36.9 .814 2280 1175 5,770 | 21.
1.382 6911 5.3 . 784 947 | 77.52 36.8 .813 2830 1280 6,370 |22
1.667 T416 82.7 793 .8957 [101.5 36.8 .806 4100 1520 7,680 |23
1.799 7689 86.8 .788 .949 |113.5 36.8 .809 4790 1610 8,250 | 24
1.855 7729 86.8 .788 .941 1120.7 36.3 .BO7 5050 1655 8,380 (25
1.992 8227 90.5 .757 .947 |134 .5 36.6 .811 5930 1810 9,160 | 26
2.058 8459 91.6 <T44 .941 [141.3 36.7 .811 6470 1875 9,420 | 27
2.105 8512 g1.1 .T42 .932 [1489.6 36.1 .806 6800 1930 9,510 [ 28
2.210 9085 92.1 691 -.933 |162.9 36.6 -808 7780 2125 10,140 {29
. 7545 | 5638 52.4 0.693 [0.744 | 30.65 36.0 0.822 634 714 3,420 | 50
.8451 | 5867 57.8 . TA2 .875| 36.31 36.7 .821 841 792 3,890 31
.9800 | 6108 61.6 .763 .924 | 45.21 38.7 .812 1160 927 4,490 | 32
1.050 6276 64.6 .783 .941 | 50.55 36.7 .816 1470 282 4,830 | 33
1.268 6695 71.7 .803 .971| 71.20 36.7 .815 2250 1170 5,810 | 34
1.432 6995 76.8 .799 .949 | 81.87 36.7 .809 3040 1520 6,590 | 35.
1.7682 7604 86.1 .787 .9586 1110.1 36.9 .811 4820 1585 8,100 ) 36
1.839 7751 87.2 . 793 .952 118.0 36.5 .806 4940 1635 8,360 | 37
2.101 8462 91.5 . 752 .929 1147.9 36.1 .aos 6680 1905 9,480 | 58
2.088 | 8478 92.2 . 752 .931 |145.5 36.6 801 6730 1305 9,540 | 39
.8690 ) 5758 54.9 0.729 |0.865] 35.44 36.6 0.833 849 810 3,900 [ 40
1.059 6272 6£.1 .789 .958 ] 51.87 36.0 .824 1420 877 4,810 | 41
1.530 7133 78.7 .810 .944 | 20.53 36.2 .809 3390 1385 6,950 | 42
1.937 7952 89.7 .784 .951 1127.8 36.4 .808 5480 1715 8,820 | £3
2.069 8424 91.3 . 755 .950 [143.8 36.2 .809 6340 1870 9,390 | 44
2.087 8467 91.3 .752 .945 (145.5 36.1 .e12 6440 1880 9,430 | 45
2.086 8488 91.6 -T4T 934 [344 .6 36.3 .817 56510 1875 9.470 | 46
L7510 5646 53. 0.699 [0.938[ 30.29 36.0 0.830 456 695 3,410 [ 47
.76879| 5744 56.1 .729 .942 | 32.89 36.3 .827 563 729 3,600 | 48
1.098 6395 67.0 .806 .965] 55.04 38.1 .818 1560 1000 ° 5,010 | 49
1.568 7200 80.5 .818 .949 | 92.74 36.4 .809 3570 1400 7,110 | 50
1.800 7858 89.3 .796 .942|123.3 36.4 .813 5280 1655 8,600 | 51
1.960 8030 80.7 .789 .8381129.3 36.4 .818 5670 1705 8,880
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TABLE II - REYNOLDS NUMBER INDEX VARIATION WITH

FLIGHT MACH NUMBER AND ALTITULE

[100 Percent ram-pressaure recovery sssumeda

NACA RM E52BO8

1titude |Flight | Pres—- | Tem- 8- |Reynolds Altitude [Flight | Pres- | Tem- Via- |[Reynolds|
(re) Mach | sure pera- lcosityl number (rt) Mach | pure pera~ |coslty| number
number ra;io turi:'i ra;ia 5%:17& number | ratlio tu.ri ratiocj inde
rallio 5 ratio ,‘,E'
Ho 5 ; %o |t o/8/0
0 Q 1.000 [1.000 [1.000 [1.000 30,000 0,8 J.3787 0.8509 {0,8862 {0.4633
ol 1,007 (1,002 {1,002 | 1,004 o7 .4118 | 8715 | ,0029| .4€86
2 i.,028 1,003 [1.006 |1.018 _ _ 8 +4522 | 2954 | ,8207| 5190
3 1,084 (1,018 |1J013 {1,041 9 5019 © 920 «9416] ,BE51l
.4 |1.117 [1.032 l1.023 11,075 1,0 5612 | 6524 ,9665] ,5064
o5 1,186 (1,060 [1.036 | 1,117 3E5,000 o] 0.2352 [0, 7595 [0.R149 {0,551?
[ 1,276 {1,072 |1.551 [1.173 .1 2568 | ,7611] ,91E4] 5325
[ o7 1,597 11,098 (1,069 {1.238 2 2418 ¢ 7656 | .9106] 3372
3 1,524 |1.128 (1.080 | 1,315 -] «2502 | JTTI2 | L9257 3446
9 1,691 |1.182 1,117 {1,404 o4 JBE27 | ,7B3B | .B33T7| 3559
1.0 1.893 1,200 .1.141 af1l8 5 2729 [ ,TE75| 9443 3699
§,000 [} 0.9318 [0.9657 {0.9753 00,8679 6 3001 | ,A141 ¢ BETE,; 3878
o1 3374} ,9676| .9764| .8718 Py Le3262 |, 9727|4003
o2 .BE64 ] ,O734} ,9809] ,B83% .5 .3FB3 | ,8568, ,8910] 4245
3 .nes52| 9830} 9875 ,904)1 «2 3977 | BFE5 | ,9111] 4647
o4 «9291| 9865 9973 .8333 1,0 24452 9112 95341 4997
.5 .5868 (1,014 [1,010 | ,8703 40,000 7 @ » 1853 10,75 0,9130[0.261F
N3 1,081 |i.035 11,025 | 1,018 1 o1 .1866 [ 7588 8141 ,2631
7 1.154 {1,060 1,044 [1.,073 o2 1905 | 7632 8178 2087
8 1.268 1,089 (1,064 {1,141 -1 .1972 | 7700 | 92389 .B7R6
-/ 1,407 {1,122 |1.,086 {1.223 o4 2070 7815 9321 2814
1.0 1,575 11,169 (1,117 | 1,306 5 .2198 | ,7950| ,9430| E024
i 10,000 [ O 0,6881 10,9312 |0.9491| 0,7513 «6 9364 ' 9118 ,B5&2| 3065
H el « 6928 .9331, «9504] 7541 7 <2570 | ,8514 ] ,8714] 3235
| 2 JTOT6| 9387 : 9549 7647 8 .2824 | 08538} 5880 | .3438
3 «7520] 94807 ,9621] .78l4 .2 «3134 | 8798 | 9080 .gs’le
o4 .7684 7 9609} [0714! ,B069 - 1,0 235CE | 9086 9310 951
.6 | .81587] .9776| .9836] .B388 35,000 [ O 1450 [0, 7572 [0.8150(0. 2062 |
8 «.8776; .9983] ,9989 .B794 .1 1469 7568 | .Al41i 2071
o7 .,9542 (1,022 {1.018 9291 2 1500 ] 7632 9176} .2100
«8 1,048 (1,080 11,037 9859 3 J1562 | 7709 ] .B239{ .2145
.9 1,183 |1.082 |1,058 |1,057 o4 +1630 ] .7815 | A32L]| .P2168
i 1,0 1,302 (11,117 (1,083 | 1,137 6 1730 | 7850 8430 .2302
[ 15,000 Q 0.E643 [J,9969 |0,9223] 0, 6461 6 .1862 | 8118 ,BEG62| 2414
el 6681} .8997| ,9233| .6490 «7 .2024 | 63514 | 8714 ,0548
2 .57997 .9040| 9281 ,.6572 -] .2224 | ,9530 | .8889| 2708
- .6002| L,91311 9347 8720 .9 2487 ,8798| .908CF .RB804
-4 63001 .9256: ,9448( ,60831 1,9 2762 8085 | ,9313) ,%112
%] L5892} .9416] 9570 .7206 50,000 Q O.1149 |0,7572 [0,9130(0.1624
! 8 .7ieg! .9€1s5| 9719 ¥553 ol «11F7} ,7588 ( .8141; ,1631
7 .78268) ,9848} ,9891| 7973 .2 L1181 ; 7532 ] 8176 .1654
8 8601 (1,012 11,008 .84A2 «3 L1223 | 7704 | 8239 1601
.9 «9542(1,042 11,031 .9082 o4 .1284 | ,7B15 ) .9321| 1748
1,0 1,0 1,076 11,05 . 8762 ] 5 «1362 | ,7660| .8430] .181%2
20,000 0 0,4586 [0,8626 [0,89680| 00,5523 € .14€6 | ,9118 | 8562 .1900
o1 .4629] .8644| .B966] ,6553 7 .1F94 ! ,8314 ,8714; ,2006
.2 .4726] 8696 ,9016{ 5622 .8 .1751 | .8538 | .8889; 2132
3 .4801( ,87801 ,9072| .5754 .9 .1943 ( ,8788 | ,9080, .2279
o4 L5132 .8902| .9172| .5930 1.0 | 2175 085 | ,9310| 2451
5 5454} 9088 | ,9289| .B8170 55,000 [s] 0905 ,7572 [0.0813010,1279
-] 5885 .B247 | .,9440] ,6461 el L0911, 7588 ] .B141] ,1285
7 +8375{ .9470| ,8610| .6817 2 0930 | ,7632 | .8175]| .1302
8 .7004 | .9728 ,9798} ,7248 o3 «0963 | 7709 ,8239| (13351
.9 7769 (1,002 [1.002 7746 4 .1011 ;, 7816 | 8321 .1374
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CD- 2494

Exhaust valves

Figure 2, - Altltude chamber with J35-A-29 engine installed in teat section.
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L NACA RM ES52BOS

Accessory bullet
Bell cowl

Q Total-pressure probe
@ Total-tempereture probe

(a) gtation 1, engine inlet,

Pigure 4. - Details of instrumentation. (411 dimensions in inches.)
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Static~pressure
manifold

Outslde
Y ghell

G
H —
32,31 1 —
[~
{ _/
E’ and T Jodlicate total pressurs and total
temperature probss, rsspactively]
A B C D E r G H
Rake 1 0,17/ 1.0111.56/13.91]12,86] 3.49]|3,89}5,01 5,77
Type of probe P P pig P P T P iy T
Rake 2 0.57| 0,69 1.25} 2,14 ]| 2.49| 3.11 | 4.18 | 4,508 | 5.81
Type of probs P m ? P T P 2 T P CD- 2455
(Rake 3 0,58 1,12 1,45 2,37 2.98] 3,56 | 4,44 | 5,16 | 5,62
Type of probe P T P P T P b3 T 3 .
Bake 4 0.27|/0.79;1.68} 2,02 | 2.61| 3,62 | 4.02 14,72 | 5,83
Type af probe T P P T P P T P P

(b) Station 2, ccmpressor inlst,

Figure ¢. - Comtinued. Details of instrmmentation. {All dimensions in inches.)
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R NACA RM E52B08

29.00
24,32

Plgure 4. - Continued.,

CD. 2456

O Total-pressure probe
@ Total-temperature probe

(c) Station 3, compressor discharge.

Details of instrumentation. (ALl dimensions in inches.)
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NACA RM ES5ZBOS S

3.23 _1.34
i_2.64. ~1,13
_2.25 0.47
I ‘_0.27
. .
I ;*,f,.ja1l 1.86 —t e
4,30 l t —=
4.50 -
) =
’I
|
11.23
16.04
l

Static-pressure

manifol _ ~mE
__/\

CD. 2457

Q Totel-pressure probe
@ Total-tempereture probe

(&) Statlon 6, turbine discharge.

Figure 4. - Continued. Detalls of instrumentstion. (All dimensionsg in inches.)
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«18
1.56

2.22
3.40
4.15
4.50

5.93

NACA RM E5ZBCS8

CD. 2458
!
—~
‘\\\\ k
10.42 S
N~
1
|
i —
} 1. 10.20
I S5.62
Lg.o1
.8.08
.7 .44
1 .81
L. 5.32
L3.00
L2,.62
Static-pressure
manifold

L
O Total-pressure probe
@ Total-temperature probe

(e) Station 7, exhaust-nozzle inlet.

Flgure 4. - Concluded.

Detalls of instrumentation.

(411 dimensions in inches.)
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Corrected engine speed, N/a/8, rpm

Figure 5. - Minimum corrected engine speed st which critical flow exlsted in exhsust nozzle.
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5000 6000 700D 8000 9000 . 10,000

Corrected engine speed, Nﬁ\/§; rpm
(a) Variation of compressor efficiency with corrected

engine speed.

Figure 6. - Effect of Reynolds number index on compressor performance
(Reynolds number index at sea-level conditions, 1.0.)

characteristics.
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ey
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Corrected engine speed, NA/G5, rpm

(b} Varistion of corrected compressor eir flow with engine speed.

Figure 6. - Continued. Effect of Reynolds number index on compressor performsnce
charscteristics. (Reynolds number index at sea-level static conditions, 1.0.)
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R NACA RM ES2BO8
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Corrected air flow, Wa’z\/@/Ba, 1b/sec

(c) Variation of compressor pressure ratio with corrected air flow. )
Figure 6. - Continued. Effect of Reynolds number index on compressor perform-
ance characterlstics. _{Reynolds number index at sea-level static conditions,
l.O.) = - [,
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Corrected engine speed, N/a/G, rpm

(d) Varistion of compressor pressure ratio with corrected
engine speed.

Figure 6. - Concluded. Effect of Reynolds number index on compressor per-
formance characteristics. (Reynolds number index at sea-level conditions,
1.0.}
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Flgure 7. - Mldframe air bleed.
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Combustor total-pressure-
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Corrected engine speed, H/\\/@', on
() Varietion of combugtor total-pressure-loss retio with
| corrected engine speed.
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~=~=—Modified combustor Liners - NAKA~"
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Combustion parameter, 1:.,,,3/»1,5,"5
{v) Variation of combustion sfficiency with combustion parameter.

Figure 8. - Comtinued. Effact of Reynolds mmhber index on combustor performance. (Reynolds nuwher
index at sea-lsvel static conditions, 1.0,)
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Y NACA EM E52B08
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Corrected engine speed, N/-\/E ; rpm

(¢) Variation of corrected combustlion parameter with
corrected engine speed.

Figure 8. - Concluded. Effect. of Reynolds number index on ccmbustor
performence. (Reynolds number index at sea-level statlc conditions, 1.0.}
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(b) Variation of turbine efficlency with cor-
rected engine speed.
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(c) Variation of corrected turbine gas flow with
corrected engine speed.

Figure 9. - Effect of Reynolds number index on turbine performance. (Rey~
nolds number index at sea-level static conditioms, 1.0.)}
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Corrected exhaust-gas total temperature, T7/92, °r

T NACA RM E52B08
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Corrected engine speed, N/A/6, rpm )

(a) Variation of corrected exhaust-ges total temperature
with corrected engine speed.

FPigure 10. - Effect of Reynolds number index on generalized engine perform-
ance. (Reynolds number index et sea-level static conditions, 1.0.)
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(b) Variaetion of corrected fuel flow with corrected
engine speed.

Figure 10. - Continued. Effect of Reynolds number index on generellzed

engine performance. (Reynolds number index at seas-level static con- _
ditions, 1.0.) :
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Figure 10. - Contilnued. Effect of Reynolds number index on generalized engine performance.
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(d) Variation of corrected jet-thrust parameter with

corrected engline speed.

Figure 10. - Concluded. Effect of Reynolds number Index

- engine performance.
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Figure 11. - Varlation of fuel-sir ratlic with engine total-temperature ratio for standsrd
sea-level inlet conditions. .
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